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[Title of the Invention] 

Method and Device for Optical Amplification 
10 [Abstract] 
[Problems] 

The present invention relates to an optical 
amplification device, and its main objective is to 
provide a method and a device for optical amplification 
15 capable of maintaining the wavelength characteristic 
of a gain constant and obtaining a wide input dynamic 
range. 
[Solutions] 

The optical amplification device comprises a 
20 first optical amplification unit 13 further comprising 
a Raman amplification medium 1 and a first pumping light 
source 3 pumping the Raman amplification medium 1; a 
second optical amplification unit 14 further comprising 
an optical amplification medium 7 optically connected 
25 after the first optical amplification unit, and pumping 
light sources 5 and 8 pumping the optical amplification 
medium 7; and a control unit controlling the gain of 
the first optical amplification unit in such a way as 
to kill the output power fluctuations of the first. 
30 optical amplification unit due to the input power 
fluctuations of the first optical amplification unit. 
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a*- h 1 1 tiijAjK- h 1 2 fc®wc n i <nmm 

ZL—y h 1 3£LT©DCFRA (#$^7 7 -f 
V>Ji*@g|) £*2CWfcHI»i:r5> h 1 4 KflJS** S 
-band ED FA (S;OK©l^WK-^7 
T^'atfligS) fcfcflWTO**. DCFRAKfc^T 
H 2#©DCF (^ftfi«t77>fA) #97»IMK 
tttl/tfflv^tw *4i^fcf^aB**fc«>C2£ 
OiWil/Tfflpumping LD (Hfil/— if 
#WV*&*lTV**. EDFAfC^VN 
Ttt. EDF?:|tf*i!l®Rtm*li@tSfe«){C2^0 
B>gftiti:bT©0. 9 8/tm LDtfBH&ftTH 

*lTV\* 0 

[0 0 6 7] EDFAtCfcVvt& «.«CA>FT?«£ 
**ASE (gMtffl) 1 ^) SdBWU 0. 9 8 M m 
^ift@3fc&2Bi**ASE suppressing 
filter (ASE#ffi7-f;i/#) £EDF©j£iF 

ttHRfl (m«4ffl) «&m*. £*uc«fcy, ed 

f ufe s a> Fowmtmmizkz. 

[0 0 6 8] DCFRAfCfcWGi, *%fflK®.^X& 
#©®*^&&#*Zli:#m *£, i»HStf9-& 

*Z.i:tfT'£*. EDFAtCfe^m EDF©ggS{J 
EDFA«#J»^e>fa«M«:IBet*ii:3B«* t 
v\ M 2 o d BWLay%Mmz>K\i.5®mtf 

[0069] 01 5£#fl&**£, 014(C^Stl*E 
DFAt#?rta*llll»tfNF (8&*«8tt flWHMWW 
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1 5 d b, mmr&i. i o d b 

*. £©EDFA©*THI*fefflWM%ofc*GlC 
fcW*Clft£©®m#ft£tB®**fe©K, 3©Jlifc 
T'& DCFRAtCfeWS®l@^9-&rJ { *(D^i3*^| 

[0 0 7 0] 01 6 £#($***:. JpMfttfNFCOjfcfi 
WtttfafcSftTH*. Hybridgainli^tt 
T©Wff®j&RWtt. DCFRA gainliDCFR 
10 Am&T'Oftfflnmmffi., Hybrid NFifcfeft 
T*©N FOifcfiWifc DCFRA NFliDCFRA# 
mx*<DN F©»fi*Sttfea*l/TV*6. 

[0 0 7 1] DCFRAfttfEDFAfc»S|l»E«a* 
*3fctCJ:oT, f!tf§©$£43ft£5dBgg£T?*|lEE 
**3 fctfTft, *£itfB8Wcov^lii^lcovvttt« 

HWfiK:* * 3 £ #T?$* *>©T'&*o 
[0 0 7 2] B|4©ttl©fttttl|iar.y M 3©#5|)fe 
A2^6©5vy«^*=*©*«^5©«* 
tt. H?©^!©) 1 ^^^! 3, E|9©^ltf«fc 

20 jusa^y h 1 3 m&m emmm v , ®i 

3 7) , HI 1 ©S£l<Wi*i3.--/ h 1 3 (fft£«S3 
6&tfftB»3 7) , H 1 2®» 1 CDyfcJtUn-^ h 1 
3 mm 3 6 0tt77-f A4 6, lfig^4 7fttl% 

*^4 8^&&«fl^> xammm v , hi 4© 

DC F R A©? rjfflWWDfcft©*-* £ LXm ^ Zl i: 
[0073] 

30 ^#©SmtS5:^(Ci^tS.oj£v\A*^-f^^7 
7&%-5TOia^©«SEfiS:®^L< 0 iztZZ 

[oo7 4] *mi\mre>im*:'$ti*><D"eib&. 

[0 0 7 5] (#131) 5V>lfWft&tJfitlS5K 

1 otfy^ytMz^m 1 ©^*i^- 
>y h mm 1 ©»i^-^ h©wcg§^$tu 

40 )"Pf(SKfr&t?3nS:3j<>tf>yi-Sl|2©d<>^) l 6jS 
Sr^t^ 2 ©ftifff an y h |^3H 1 ©3t*Hfar: 

da-y h©?iJ^fe«fi9-rs«!prL-y hi:«:fiAfeg 
SL 

[0 0 7 6] (#132) ltfl37V>ifjii!i«c««77 

[0 0 7 7] (#133) t»l©/K>^WJ5v^ 
50 JciW66«ft«:«t*«»©>K>^&tB*U -e^tc 
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coo7 8] (#ib4) mg&-?ymm#T'&vz 
ztitzwm&mvymiybnz'V? bMzM%w§s& 

coo7 9] (flies) m&w®3--v ha. mm 
imam. 

[0 0 8 0] (#136) ti$d®2(»Wm3--V bO 

m%=L-v hmm-mz&z&^zffi§ffi2v>ixy 

[0 0 8 1] (#137) tlffBII 1 (D) 1 ^!^^.— % v h £ 
[0 0 8 2] (#fB8) 15135 V^ifllS^tt*** 

- b'tmstim i 2 ©5 vymmm<£fc 
mm, i Kfia^ i mm 2 o^ym 

wm&*h?timtzm 1 mm 2 ©&$(&£&# 

[0083] (tf!E9) msmw^ymmmt 

a*^*, mM2<D7vymmmtmffimy7j 

[oo8 4] (#ibio) msmim^ymmm 

[0085] (#ieii) tuiayfcitww±*±^K 

-7"7 7>f AT*&S#iB 1 IBSOISS. 
[0 0 8 6] (#1312) mt%i±MY-zr-7?>(A 
IZb'-fZftZftjMjxM&Er, Nd, Tm, Pr, 
Y b&t;Dy^e>^$*l^-oRj:(?)7t^T'*5#l3 

1 immm. 

[0 0 8 7] (#1313) ^v^Jfipg^^Zin?: 

1 oxy^mzttm 1 0)^^. 

&xfzm#yxyyt&m2(»#yzfymz'£tim2 
omm=L=.v hfcj: ytsiBis 1 <omm=-v w& 

ffirt3ftfe«^Si«f***rv7 , i:, fufBH 1 ©ft 
ffflsa-y h©A*A , C-»C < fcSltffBBlO!)) l fclti|i 

rooss] (#t?,i4) m>3-7y®mmitK7 
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-<A*-e&£#t31 3|3^«m 
[0 0 8 9] (#1315) ISI3^1©^>7'»iS 

£#131 3ia^©m 

[0 0 9 0] (#1316) 15135 vyWfflm-V&V 
z&m-rymMto*** bJim&tzzTry? 

t. m2titcffl&&m'?yffiift<DZ'<9 bMzm 
10 zm^<n#y7%®w-<Dmy*z®®tzx 

[0091] (#i3i7) msmtz*Tv-te> 
msmi<mm=t-~v bntub&jjzn&mw- 

3i3«©m 

[0 0 9 2] (#1318) *nB£2®3ftfltfci^y h 

m$ztitzKhw-mmi]w-\zm\,\xtm 

20 $ 2 ©ftifftiiazi v h ©ft##;!*-£lcfc5 i e> icltfiBB 

2 ©do^jwuHwrrs^f - v -ft vmzftxtzm 
1 3i3^©m 

[0 0 9 3] (#1319) tMBglOftWI^yh 

m 

[0 0 9 4] (#132 0) liflB9v:/WW«tti*X 
>r- HJfittSti^tH 1 2 (DyvyWSmtlS 

30 >JfH0^fc*ft* ! tt&iB-f «$ 1 2 
tf#iB13|3«om 

[0095] (#i32i) wmio^ymmfc 
ifim2mvymmfoitmtm77 

<f A , T?&&#iB2 0|3«a)m 

[0 0 9 6] (#|B2 2) mmi(D^yimm 

\my 74 A^M0-aX«^gPT*2.S#|32 013® 

[0 0 9 7] (#132 3) lul3ftii(i^^i^±^K 
40 -7*77-f/<T'&S#f31 3|3@©m 

[0 0 9 8] (#132 4) «iafcHBK-^77>fA 
KK-7*S*l&*i3H5cil8*Er, Nd. Tm, Pr, 

2 3|3«©m 

[0 0 9 9] (#132 5) 9-r>i««lt»fttf34lfe 

sK>i^>irt*« 1 ©^>y«&^t^l 1 ©ft*SW@3. 

-vvt. t^i<Dmm^vb<mmzwm\z 
m$n> mmmjkvzti&xyvy>ftzm2(D 
tfy7ymz$tsm2<?wm3--v bt, tm^y 
50 mmmr'^a^^ym.%0)^^ b jiztfaa, 
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[oioo] (#ib2 6) wmm^ymytim 
tan i owm^-v hxm®znz'<ma>xhw& 

[0®©fB#fcM 

[01] Hll**»Cj:S3tittl®fe«?)®ISS<Dmi 

[02] 02i±0nc^3ft£ggicfcW£i/^;i/#y 

[03] 03© (a) itmwmw&am&zBt? io 

ny*0 03© (B) 1*03© (A) izixzixzyffl 

[04] 04{i*^(Ci:S?fclttl©fe5?)©^g0||2 

[05] 05tt04tC^$tl^lJ#li^»l/-^2 6 
©=Wfr#rtM?:*-t:/n v ?0T'&S„ 
[06] 0 6 \m 5 lC^$tl-5 A> Y 3 1 

[07] 07{i*^{C«fcS3tJHi®fe4?)®SS©l|3 

msm^t^nvmx-^ 20 
[08] 08© (a) »0i©ia^figicfewsm*A' 

9-©i&g#i£&**0 08© (B) (i07{C^$tV 
S|»ElCfcWSHJ*A-9-©M©ffft?:^-r0T'fe 

[01] 
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[0 9 ] 0 9 tt#f8f$3lC<fc S)t*ill©fc«b©gS©^4 

[01 o] 01 oit&mi^zmmDtztoamw® 

[01 1] 01 iiixmizzzmmntztomm 
m 6 m&m ^t-fn ? * ®x*&&. 

[01 2] 01 2\i*m\z&z>ftmm>tzto(omw.<D 
mim®m*7Tit7n » mx&&. 

[013] mi s^m^m^im^y^^^a 

V#0T'&&. 

[0 1 4 ] 0 1 4 ittmnwmzzmt&tztom 
mstzm-ru v mx$>&, 

[01 5] 01 5»01 4lC^S*lSEDFAlCfeW5 

[016] 01 6(i014(C^$^EDFA&tK±{* 
©fUfMtf N ¥(DWL^&^trfU v *0T'&5. 
[f^©U$§] 

1 ^ywrnm 
3, 5, 8 mwm 

4, 10 7-fVl>-* 
7 EDF 

13 mawm^vh 

14 ^2©)felfi|in^^h 



[06] 



EDF7 

JM)776 



9- 

11 




1 1 1 1 



13 



14 



\ 




(10) 



^2003-1 10 1 79 




[03] 




(11) 



4fgS2003-l 10179 



[04] 



13 





[05] 




^2003-1 10 1 79 



[07] 



EDF7 

,*»*?2 ( A**? 59 ^ 



( MfH A**, 759 N 

T 12 



l_ , 1 

13 



[08] 



(A) 



y ©Baa** 



(B) 



I 



fl»Aa/t9-# 
A** 



— — 



(13) 



!$i82003-l 10 179 



[09] 



97V*Sa*38 57>«BB*1 EDF7 



O 

ftfi*840 




36 



7T 



13 



[01 0] 



77>i«itt*38 9^>«WI»l EDF7 



Bg3t»40 | a^»3 t l mass ifi»a 



36 



37 




13 



111] 



JM»77-f*44 £WI<l77>(/<45 EDF7 

\**7939 ( r\itw [ 



H7939 ( f\ **« 



11 



0 O P 




Hfi**3 »fi*»5 HIS*** 



37 



14 



13 



(14) 



44H2 0 0 3-1 1 0 1 79 



[12] 



EDF7 



ADMUX49 



7*yi*-*4 



IUX49 s\ ( ^ . 



ft77<f/tfc2tt46 



St 




I I l l 



14 



»fi*S4? 



[013] 



50 

JL 



(TjH- 

rnci - 

|AmCt — 



54 55 



l 56 



53 

..L 



S-band 



52 : 



-SL57 58-1 



xnn 



3t*«H 



L-tand 



51 



52 

ii 



^60 61 r 



H">ts | 



62 



J — jyomc | 



— ( KM. I 



63 64 



U 5] 



20 r 



.15 - 



m 



'10 



5 - 



CX3°Ctx>OCt>0 0 



20 

is€ 

u. 



148S 1495 1505 

ifift(nm) 



1515 
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114) 



11 



0.98 tim 
LD 



12 I w J 



— i — r 




1 ' 1 


pumping LD 




pumwns LD | 


1 . 1 - 








n l n |"l n l° 

ASE suppressing fitter 
S-band EDFA 



[016] 



30 r 

£20 

m 

5 10 



Hybrid gain 




^Ao^aa, DCFRA gain 



Hybrid NF 



DCFRA NF 



1485 149S 1505 

*ft(nm) 



1515 
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